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ABSTRACT : Lesion enlargement of ginger rhizome rot was most rapid at 35~40 C, but de-
layed greatly as temperature decreased. Time needed for killing a ginger plant, 22~25 cm long,
was about 5 days at 35~40 C, but was 15 days at 15 C in a growth chamber test. Higher RH a-
bove 90%, higher soil moisture level above 80% of maximum soil moisture capacity, and deep-
er planting below 4cm enhanced the lesion development on ginger stems and rhizomes. Pythi-
um myriotylum existed in field soil as forms of hyphal portion, hyphal swelling body, or oos-
pore- or zoospore-like bodies, and served as the origin of its colonization. Inocula of P.
myriotylum was randomly distributed in soil surface around ginger plants, but its density was
decreased as increasing soil depth with the highest density at 0~10 cm soil depth. Population
density of P. myriotylum did not vary significantly between the rhizoplane and the rhizosphere
soil of a ginger plant, but differed greatly between the diseased and healthy plants with sev-
eral to several hundreds times higher population in the diseased plants. A positive curvilinear
relationship was found between P. myriotylum density and ginger rhizome rot severity.
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Rhizome rot of ginger has been a serious problem in
major ginger producing areas in Korea (3) and all over
the world (1, 9, 10, 11). Incidence of the disease av-
eraged as 18.1% in Choongnam province in Korea in
1995 (3). It has been experienced by many ginger-
growing farmers that the disease becomes severe and
often devastates ginger fields, particularly in the year
of extremely hot summer and many rainfalls in August
and September.

Studies on ginger rhizome rot disease in Korea have
been much concentrated on its etiology and screening
of effective fungicides (4, 12). However, little research
effort has been made on ecological aspect of the
disease such as inoculum distribution in soil, and in-
fluence of soil environmental factors. In fact, lack of
the information on ecology of ginger rhizome rot de-
velopment has hampered establishment of effective con-
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trol measures against this disease.

This study was carried out to examine effects of tem-
perature, refative humidity, soil moisture, and planting
depth on ginger rhizome rot development, to elucidate
ecology of pathogen inoculum in soil including its dis-
tribution and survival forms, and to investigate the re-
lationship between inoculum density and disease de-
velopment. This study is a part of the researches which
were initiated in 1995 to develop effective control
measures against ginger rhizome rot disease. Research
results on the survey of incidence (3), etiology (4) of
the disease, and preliminary results (2) of the present
study have been published.

MATERIALS AND METHODS

Isolates. The pathogenic Pythium myriotylum iso-
late 9-3 was used in the inoculation tests. Origin of the

isolate has been described previously (4). The isolate
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was grown in potato dextrose agar (PDA) (5) at 35C
for 2 days and its culture disc was used as a point
source of the inoculum in some experiments. The iso-
late was also grown in autoclaved artificial soil media
(peat : vermiculite: perlite=3:1:1, v/v)) containing 1%
corn meal for 2 weeks at 35 C and used as an ino-
culum in soil inoculation tests.

Ginger plants. Ginger cultivar Seosan-jaeraec was
grown in pots (50X40x10 cm) containing artificial
soil (peat:vermiculite : perlite=3:1:1, v/v) in a green-
house at 21~39 C. Healthy young ginger plants, ap-
proximately 22~25 cm long, were chosen and used as
test plants in the inoculation experiments.

Examination of temperature and RH effects on
disease development. To examine the effect of tem-
perature on disease development, ginger plants were re-
moved from the pots, washed thoroughly under tap
water and put into polyethylene bags (30X 35 cm), one
in each, containing a wet paper towel to maintain mois-
ture. The inoculation was achieved by placing a 0.5
cm diam. PDA culture disk of Pythium myriotylum on
the crown of ginger plants. The polyethylene bags
were sealed, and put in a multi-booth incubator set at
15 C to 40 C at 5 C interval with a 12 hr light/dark re-
gime. In the RH experiment, ginger plants were wash-
ed, air-dried for 30 min, and put on a holder in plastic
boxes (30X 28x 13 cm) containing different amount of
sulfuric acid to obtain RH levels of 100, 96, 93, 89, 76,
and 67% (5). The plants were inoculated similarly with
a culture disc, and incubated at 30 C in a growth
chamber with a 12 hr light/dark regime. In both ex-
periments, rate of lesion enlargement on ginger stems
and degree of rhizome decay were examined 4 and 11
days after inoculation, respectively. Each treatment has
3 replications (=plants) in both experiments.

Examination of soil moisture and planting depth
effects on disease development. To examine soil
moisture effect on disease development, ginger plants
were transplanted into pots (12X 15 cm) without any
draining hole, containing the artificial soil media in-
fested with Pythium myriotylum. Soil moisture levels
in each pot were adjusted to 100%, 80%, 60%, 40%
and 20% of maximum soil moisture capacity of the
soil medium by managing volume of the irrigation wat-
er. Surface of the soil medium in each pot was covered
with a polyethylene sheet to prevent excessive eva-
poration of the moisture.

In the planting depth study, ginger plants were tran-
splanted at the depth of 2 cm, 4 cm, 6 cm, 8 cm, and

10 cm from the soil surface so that the upper part of
crown of the plants was located at the designated
depth in the infested soil medium in pots (12X 15 cm).
The pots were placed in the greenhouse. In both ex-
periments, lesion length on ginger stems, number of
leaves with yellowing, and degree of rotting of
rhizomes of the plants were examined 11 days after
transplanting (=inoculation). Each treatment was re-
plicated 3 times in both experiments.

Enumeration of P. myriotylum in soil and iden-
tification of its survival form. In order to determine
horizontal distribution of P. myriotylum in soil in ging-
er fields, 3 concentric rings, 5 cm, 10 cm and 15 cm
in diameter, from a ginger plant, served as a center, in
fields at Seosan area were drawn on the soil surface,
and then 8 radial lines were made from the center to-
wards north, south, west, east, northwest, northeast,
southwest, and southeast. Soil samples, 5~10 g/spot
were taken from the soil surface (0~5 cm depth) at
each crossing spot of the 8 radial lines on three con-
centric rings to make a total of 25 soil sampleé in-
cluding the center spot. Soil samples were made from 6
different locations randomly selected in a ginger field.
To enumerate P. myriotylum density, 1 g soil sample
was put on the selective medium (8) in a 9 cm diam.
petri dish, added 10 m/ of sterile water, and distributed
the soil evenly on the surface of the medium. The
dishes were incubated at 35 C for 18 hr, and then
washed the soil off under a tab water. Number of colo-
nies appeared on the medium surface was counted. To
examine vertical distribution of P. myriotylum inocula
in soil, soil samples were taken by a soil sampler from
5 locations randomly selected in a ginger field at Seo-
san area. Soil samples were thinned by the depth of 0~
5 cm, 6~10 cm, 11~15 cm, and 16~20 cm. Density of
P. myriotylum in the soil samples was examined sim-
ilarly. Each soil sample was replicated 5 times for enu-
meration.

In order to examine survival forms of P. myriotylum
in field soil, some of the colonies appeared on the
selective media in the above experiments were ex-
amined under a microscope to observe origin of the
colonies at very early stage of their colony formation.
About 300 colonies were examined in the two separate
experiments.

To examine the population density of P. myriotylum
in rhizosphere and rhizoplane of the diseased and the
healthy ginger plants, 3 plants were sampled each from
two ginger fields at Seosan area in mid-September.
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Soil closely cringed to rhizome surface collected by a
gentle brushing, after removing soil lumps off, was
used as a sample of rhizosphere soil. P. myriotylum
density in the collected soil was examined on the selec-
tive media by the method described in the enumeration
experiment. To examine rhizoplane population of P.
myriotylum, an one c¢m’ piece of the rhizome surface
of the samples used in rhizosphere study was cut off,
and washed in 10 m/ of sterilized water by agitating it
in the water. One ml of the water was dispensed on
the selective medium. Number of colonies appeared on
the selective medium was examined similarly.

Examination of the relationship between density
of P. myriotylum and rhizome rot severity in fields.
A 200~300 g of soil sample was taken from each of 15
different ginger fields with differing degree of rhizome
rot severity in Seosan area in mid-September. Rhizome
rot severity of each field was examined as % plant
diseased. Density of P. myriotylum in each soil sample
was examined by the method described above, and ex-
pressed as 0, 1~5, 6~10, 11~30, and 30< per gram soil
sample. Rhizome rot severity in each field was plotted
against soil density of P. myriotylum to examine the re-
lationship between the two factors.

RESULTS

Effects of temperature and RH on disease de-
velopment. Lesion enlargement on ginger stems was
most rapid at 35~40 C, and reduced significantly as
temperature decreased (Table 1). Lesion development
at 35~40 C was about 3 times faster than that at 15 C.
Time required for killing a whole plant inoculated was

Table 1. Effect of temperature on rhizome rot develop-
ment on ginger plants inoculated with Pythium myriotylum
isolate 9-3 in a growth chamber

Temperature Rate of lesion en-  Days required for
o) largement (mm/day)’ complete plant death

40 26.5+2.7 53
35 30.0+1.4 4.7
30 22.5+1.8 6.2
25 21.2+0.9 6.6
20 17.5+£2.0 8.0
15 8.8+3.1 15.9

Table 2. Effect of relative humidity (RH) on lesion
growth on ginger plants by artificial inoculations with
Pythium myriotylum isolate 9-3 at 30°C in a growth
chamber

Lesion enlargement Degree of rhizome

RH (%) rate (mm/day)” decay®
100 29.0+3.5 ++
96 19.4+2.1 ++
93 14.8+3.0 ++
89 17827 +
76 11.0+1.8 +
67 44+13 +

*Lesion growth rate on ginger stems from the point of
inoculation and its standard deviation.
L severe, + : moderate.

about 5 days at 35~40 C, but prolonged at lower tem-
peratures, particularly at 20 C or below.

Lesion growth was most rapid at RH 100%, but slow-
ed down sharply below this level (Table 2). Lesion
growth rate did not differ much between RH 96 to 89%,
but was greatly reduced below RH 80%. Degree of rot-
ting of rhizomes was severe at RH 93% or higher.

Effect of soil moisture and planting depth on
disease development. Rhizome rot was developed
most severely when the maximum soil moisture capa-
city (MSC) reached 80% or above (Table 3). Lesicn
enlargement rate was retarded significantly below these
levels. Number of leaves with chlorosis and degree of
rhizome decay tended to decrease as soil moisture lev-
els became lower. Disease development was markedly
inhibited when MSC was 20% or lower.

Table 3. Effect of soil moisture on rhizome rot de-
velopment of ginger plants that were transplanted into
pots containing infested soil with Pythium myriotylum 9-3
at the designated soil moisture levels in the greenhouse

Soil Lesion en-

No. leaves with  Degree of

moisture  largement rate chlorosisfotal leaves rthizome
(% MSC") (mm/day  in 3 plants tested  decay®
100 18.8+1.4 18/20 ++
80 20.0+2.7 15/18 ++
60 13.842.1 13/21 ++
40 13.8£1.2 12/18 +
20 1.2+03 7/19 -
Uninoculated 0 0 -

*Lesion enlargement rate and its standard deviation on a
stem of a ginger plant after inoculation on the crown of
rhizomes by placing a culture disc of Pythium myriotylum
isolate 9-3.

*MSC: Maximum soil moisture capacity.

® Lesion enlargement rate on stems from the point of ino-
culation and its standard deviation.

©++ : severe. + : moderate. -: none.
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Table 4. Effect of planting depth on rhizome rot de-
velopment of ginger plants that were transplanted into
pots containing infested soil with Pythium myriotylum
isolate 9-3 in the greenhouse

Location of Lesion en-

No. leaves with  Degree of

the crown largement rate chlorosisftotal leaves rhizome

of the plant (mmjday)® in 3 plants tested  decay®
Soil surface 0.4+0.1 0/18 -
-2 cm 84+1.1 3/18 +
-4 cm 15.0+24 6/18 ++
-6 cm  14.0x2.1 6/18 ++
-8 cm 19.0%£17 8/18 ++
-10 cm 240128 8/18 ++
Uninoculated 0 0/18 -

® Lesion enlargement rate on ginger stems and its stan-
dard deviation.
b

++ : severe, + : moderate, — :none.

Deeper planting resulted in more severe disease de-
velopment (Table 4). Rate of lesion enlargement, numb-
er of leaves with chlorosis, and degree of rhizome de-
cay tended to increase with increasing planting depth.
Lesion growth rate for the planting depth of 2 cm was
one third of that of 10 cm.

Horizontal and vertical distribution of P.
myriotylum in soil. Density of P. myriotylum in the
surface soil (0~5 cm deep) varied from 6.9 to 15.8 cfu/
g soil, depending on the spots sampled (Table 5). The
variation was not associated with locations of the soil
sampled.

Density of P. myriotylum was the highest in the soil
depth of 6~10 cm, followed by 0~5 cm, 11~15 cm,
and 16~20 cm, although the variations within the same

Table 5. Horizontal distribution of Pythium myriotylum
as indicated by the density of its population in field soil
with respect to the direction and the distance from a ging-
er plant in Seosan area

Distance No. cfu/g soil at the direction of*
cm) N NE E SE S SW W NW

5 62 108 66 58 73 70 96 69

10 62 64 106 80 92 114 91 124

15 131 80 121 94 85 10.7 158 145
“N:north, NE:northeast, E:east, SE :southeast, S :south,
SW :southwest, W : west, NW : northwest. Data based on
the average of six locations. The values are means of six
replications. Both factor effects of the distance and the
direction were insignificant in the analysis of variance of
the data.

Table 6. Vertical distribution of Pythium myriotylum as
indicated by the density of its population in field soil
with respect to soil depth in Seosan area

Soil depth No. cfu/g soil
(cm)  Spot Spot Spot Spot Spot Average
I I m IV V
0~5 12 85 10 145 75 105+28°
6~10 7 85 36 85 21 172+124
11~15 15 6 2 45 65 68+49
16~20 05 0 35 0 10 28+49

“Data based on field soil sampled from 5 spots ran-
domly selected on Jun 17, 1996.
® Standard deviation.

depth were large between the location sampled (Table
6). The soil density was decreased sharply below 10
cm, and thus P. myriotylum density at 16~20 cm av-
eraged one fifth of that at 0~10 cm.

Survival forms of P. myriotylum in soil. Survival
forms of P. myriotylum inocula existed in soil as ex-
amined by origin of the colonies on the selective medi-
um at the initial stage of its colonization were hyphal
portion, hyphal swelling, and oospore- or zoospore-like
structures (Table 7). In the soil sampled on Jun 25,
one month before the epidemic started, about 75% of
the colonies was originated from hyphal portions, 12%
from oospore-like body, and 9% from hyphal swellings.
About 4% of the colonies was originated from soil par-
ticles, from which origin of the colonies was im-
possible to be distinguished. However, in the soil sam-
ples of Jul 15, about 10 days before epidemic started,
69% of the colonies was originated from soil particles,
23% from hyphal fragments, and 4% each from oos-

Table 7. Survival forms of Pythium myriotylum in field
soil as examined by origin of the colonies appeared on
the selective media in early stage of its colonization

Number of the origin (%)
Soil sampled

Origin of the
Soil sampled

colony

on Jun 25 on Jul 15

Hyphal portion 229 (75%) 17 ( 6%)
Hyphal swelling 27 ( 9%) 52 (17%)
Oospore-like structure 37 (12%) 11 ( 4%)
Zoospore-like structure 0 ( 0%) 12 ( 4%)
Soil particle® 12 ( 4%) 209 (69%)
Total number of 305 (100%) 301 (100%)

colonigs observed

*Origin of the colonies was indistinguishable from the
soil particles.
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Table 8. Comparison of the density of Pythium
myriotylum in rhizosphere and rhizoplane between the
diseased and the healthy ginger plants sampled randomly
in two different ginger fields in Seosan area

No. cfu/g soil

Soil X Diseased plant Healthy plant
source
Rhizosphere Rhizoplane Rhizosphere Rhizoplane

Field AT 108 104 15 22
N 7 3 1 1

i 118 120 2 8

Field B 1 26 31 0 0
I 40 56 0 0.3

111 24 0 0

“Soil samples were obtained from three diseased and
healthy plants in two different ginger fields on Sep 16,
1996.

pore- and zoospore-like bodies. P. myriotylum density
in rhizosphere and rhizoplane of the diseased and the
healthy ginger plants. Density of P. myriotylum ranged
0 to 120 cfu/g soil, depending on the plants sampled
(Table 8). P. myriotylum density was similar between
rhizosphere and rhizoplane within a diseased or a heal-
thy plant sampled. However, its density both in rhizo-
sphere and rhizoplane differed remarkably between the
diseased and the healthy plants, and was several to sev-
eral hundreds times higher in the diseased plants.
Relationships between P. myriotylum density and

n w +
o o [

Rhizome Rot Incidence (%)

<

0 1 1 A
0 1~5 6~10 11~30 31~
Density (cfu/g soil)
Fig. 1. Relationship between soil density of Pythium
myriolylum and thizome rot incidence when examined
from 15 diffent ginger fields in Seosan arca.
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rhizome rot severity in fields. A positive curvilinear
relationship was observed between P. myriotylum den-
sity and rhizome rot severity (Fig. 1). Rhizome rot sev-
erity tended to increase as increasing density of P.
myriotylum in soil, even though the wvariations in
disease severity within the same density level was
large. However, rhizome rot severity did not vary great-
ly within P. myriotylum density levels of 1~30 cfu/g
soil, but increased sharply above this density level.

DISCUSSION

Ginger rhizome rot has been called as “heat disease”
by farmers in major ginger producing areas. The name
was given because the disease progresses rapidly, par-
ticularly in extremely hot summer days. The present
study supports the farmer's observation, since optimum
temperature for the disease development was found to
be 35~40 C and plants at mid-growing stage were
found to be killed rapidly at these temperatures within S
days after infections. The daily maximum temperature
of 35~40 C in Korea is observed usually in August aft-
er long rainy period which begins from late June to
July. In ginger fields of major growing areas, the
disease was developed most severely in this period.
High temperature and high soil moisture conditions
resulted from frequent rainfalls could play major roles
for the severe incidence of the disease in this period.
In Korea, daily summer temperature tends to increase
year by year due to the global-based greenhouse ef-
fects. This might become another factor favorable for
development of rhizome rot disease in the future.

Ginger rhizome rot has been recognized to be de-
veloped very severely when frequent rainfalls continue
until late September after long rainy period. Severe
disease development might result from the activation
of zoospore inocula of P. myriotylum which dis-
seminate through free soil moisture, and contribute to
the late epidemic in September. This study also show-
ed that the disease developed more severely when the
maximum soil moisture capacity is 80% or above.
Stimulation of the disease development by high soil
moisture conditions observed in this study could ex-
plain partially the results of the survey conducted in
1995, where rhizome rot disease occurred more sev-
erely, especially at lower fields with poor drainage,
lower sites of inclined ginger fields, drained paddy
fields in which ginger plants were cultivated after rice,
and fields with lower underground water level.
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Ginger rhizomes are recommended to plant 3~4 cm
deep in soil. The plants are growing usually in the soil
depth of up to 10 cm. In this study, P. myriotylum ino-
cula in soil was found to be rather randomly dis-
tributed around ginger plants in the depth of 0 to 10
cm, where the underground rhizomes grow. In this
study the disease developed more severely as planting
depth increases. This is thought to be due in part to
that more areas of the ginger plants, such as emerging
buds, basal stems, and crowns become exposed to soil
inocula, when the rhizomes are planted more deeply.

In an experiment conducted in the naturally infested
field in 1996 at Seosan area, rhizome rot disease start-
ed from many infection foci that scattered over the
whole field, and eventually spread to adjacent areas to
make large patches of dead ginger plants, until the ep-
idemic devastated whole field. In a survey of 1995, a
similar phenomenon was observed often in farmer's
fields, where the disease occurred severely. The ob-
servations in the survey and results of the present
study suggest that Pythium myriotylum inocula in soil
may be randomly distributed around the ginger plants
rather than in cluster, at least in severely infected fields.

Survival forms of the inocula in soil were found to
be hyphal fragments, or oospore- or zoospore-like
structures. This result is similar to the survival forms
reported in Japan (6, 7).

In this study, large variations were found between
the soil density of P. myriotylum and rhizome rot sev-
erity, although a positive curvilinear relationship was
found between the two factors. The observed large vari-
ations in disease severity within the same level of the
inoculum density appeared to be due in part to the diff-
erences between individual fields in cultural practices
including cropping system, fertilization, water manage-
ment, and disease control. Differences in soil pro-
perties and topography of the individual fields might
also be a source of the variations. To reduce the vari-
ation, more number of fields are needed to include in
the experiments.

Results of the present study could be used directly
to reduce the incidence of ginger rhizome rot disease
by means of cultural management practices, which
result in lower soil temperature and soil moisture con-
ditions, and shallow planting.
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